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 摘 要 
本文对多元掺杂的中性或正、负离子碳团簇 HCn
+ (n = 1–10)、CsCn
− (n = 
1–10)、CnF3
− (n = 1–9)、HCnN (n = 1–17)和 HCnSi2











+ (n = 1–10)正离子团簇 
通过计算确定了 HCn
+ (n = 1–10)正离子团簇的基态构型，综合讨论其基态构
型的特点。成键特征、原子电荷、电子排布、相邻团簇能量差、绝热电离势和解





− (n = 1–10)负离子团簇 
通过计算确定了 CsCn
− (n = 1–10)负离子团簇的基态构型，并分析这些基态构
型存在的合理性。通过 高振动频率、增量结合能、电子亲合势和解离能等计算





− (n = 1–9)负离子团簇 
通过计算确定了 CnF3
− (n = 1–9)负离子团簇的基态构型，并综合讨论其基态


















4、HCnN (n = 1–17)中性团簇 
通过计算确定了 HCnN (n = 1–17)中性团簇的基态构型，并综合分析其基态
构型的电子结构性质。通过成键特征、电子排布、 高振动频率、增量结合能、




+ (n = 1–9)正离子团簇 
通过计算确定了 HCnSi2
+ (n = 1–9)正离子团簇的基态构型，并综合分析这些





























The dissertation is devoted to the theoretical study on multi-doped carbon clusters 
HCn
+ (n = 1–10), CsCn
− (n = 1–10), CnF3
− (n = 1–9), HCnN (n = 1–17) and HCnSi2
+ (n = 
1–9). Combining molecular graphics with molecular mechanics, all possible models 
of the clusters are explored by means of density functional theory. Geometry 
optimization and vibrational frequency calculation are performed at the 
B3LYP/6-311G** level, and the single point calculation of energies are carried out at 
the B3LYP/6-311+G** level. Based on the NBO charge population and the 
topological structures, the structural rules of these ground-state isomers are 
summarized. The parity alternation in the experimental spectrum can be well 
explained according to the discussion and the comparison of bonding character, 
electronic configuration, incremental binding energies, ionization potentials, electron 
affinities, proton affinities, dissociation channels and aromaticity.  
Main results and conclusions could be summarized as follows: 
1. HCn
+ (n = 1–10) cationic cluster 
The ground state structures of HCn
+ (n = 1–10) cationic cluster have been 
established by theoretical computation. The odd-n clusters are more stable than the 
adjacent even-n ones. The regularity of odd/even alternation is illustrated according to 
the properties of bond character, atomic charge, electronic configuration, energy 
differences, ionization potential and fragmentation energies. The results are in 
concord with the relative abundance of HCn
+ species observed in mass spectroscopy.  
2. CsCn
− (n = 1–10) anionic cluster 
The lowest-lying structures of CsCn
− (n = 1–10) anionic cluster have been 
confirmed by theoretical investigation. The rationality of all the lowest-lying 
structures could be interpreted by the topological structures. The trend of odd/even 
alternation in the highest vibrational frequency, incremental binding energies, electron 
affinities and fragmentation energies suggests that the even-n clusters are more stable 
than the odd-n ones. The variations in stability are in good agreement with the relative 
intensity of CsCn















− (n = 1–9) anionic cluster 
Structural and electronic properties of the ground-state isomers of CnF3
− anionic 
cluster have been investigated using B3LYP method in the ranges of n = 1–9. The 
clusters with odd-n are more stable than those with even-n. The trend of odd/even 
alternation can be observed in the variation of bond length, vertical electron 
detachment energy and incremental binding energy. The computational results are 
consistent with the relative intensity of CnF3
− species observed in mass spectroscopy.  
4. HCnN (n = 1–17) neutral cluster 
Through the theoretical investigation, structural and electronic properties of the 
ground-state isomers of HCnN (n = 1–17) neutral cluster have been studied. 
According to the variety of odd/even alternation of the properties of bond character, 
electronic configuration, the highest vibrational frequency, incremental binding 
energies, dissociation channels as well as aromaticity, the conclusion that the odd-n 
isomers are more stable than the even-n ones is summarized. The results are in accord 
with the relative intensity of HCnN species recorded in laboratory investigations and 
interstellar researches.  
5. HCnSi2
+ (n = 1–9) cationic cluster 
The lowest-lying structures of HCnSi2
+ (n = 1–9) cationic cluster have been 
validated and their structural and electronic properties have been discussed. The trend 
of parity alternation of the properties of bond character, atomic charge, the highest 
vibrational frequency, incremental binding energies, ionization potentials, proton 
affinities, dissociation channels and aromaticity indicates that the clusters with even-n 
are more stable than those with odd-n. The results match the relative intensity of 
HCnSi2
+species observed in experimental studies.  
Knowledge acquired in this dissertation can provide helpful information for the 
synthesis of novel materials and for further theoretical investigation. 
 



















































































































实验和理论方面对碳团簇进行研究。1985 年，Kroto 等人发现 C60是迄今为止团
簇研究取得的 重要成果[13]。1991 年，Lijima 在以电弧法制备 C60 时发现了碳纳
米管(CNTs)[14]，这是继 C60 发现之后在团簇领域取得的又一重大成果。C60 及碳
纳米管的发现和成功制备，迅速引起了人们研究碳团簇尤其是大尺寸富勒烯的极
大兴趣[15-33]。尤其是近年来，科学家们对于碳团簇的研究愈发如火如荼，并且趋
于多样性：Luo 等人利用 X 射线光谱技术鉴定了多种富勒烯及碳纳米管的异构体
[34-38]；Zheng 和 Xie 等人的团队及其合作者们对捕获到的新型富勒烯 C50的氯化
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